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ABSTRACT 
This study compared the Lactoplate Immunoassay Test, which assessed tear 
lactoferrin concentrations, a~,d standard clinical methods for the diagnosis of dry eye. 
Thirty subjects were divided into three groups:control, questionable and dry eye using 
the standard clinical tests of tear break-up time, rose bengal staining and the presence 
of specific symptoms. The tear lactoferrin concentration was also measured in all of the 
subjects. The lactoferrin concentration was not significantly different between the 
groups. Therefore, tear lactoferrin alone is not a sensitive diagnostic aid for this 
population of dry eye subjects. However, it is a good screening tool to be used in 
addition to standard clinical diagnostic methods. 
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INTRODUCTION 
Dry eye complaints are a common occurance in clinical practice. The 
symptoms of the dry eye patient vary greatly, ranging from barely 
noticeable to extremely un9omfortable. Typical symptoms include 
grittiness, burning, itching, soreness, scratchiness, dryness and 
sensitivity to lights ( 1 ). Cigarette smoke, smog, air conditioning or 
central heating can provoke or exacerbate these symptoms ( 8 ). The 
presence of dry eye symptoms warrants further diagnostic procedures to 
classify the type of dry eye and in order to aid the clinician in determining 
the most suitable treatment method. (1) Five types of tear abnormalities 
can lead to dry eye. These include lipid abnormalities, aqueous deficiency, 
mucin anomalies, and lid changes or corneal epitheliopathies causing 
improper surfacing (2,4). 
The outermost layer of normal tears is a thin (0.1-0.2 micrometers) 
lipid layer produced by the meibomian glands of the lid. It is composed 
primarily of cholesterol and cholesteryl esters which serves to delay 
aqueous evaporation and to stabilize the tear film (2). Rare tear lipid 
abnormalities can result in a change in the quality of the secretion of the 
meibomian gland. The glands begin produciqg free fatty acids which in turn 
can lead to an instability in the tear film and symptoms of dry eye. These 
meibomian gland changes are most often associated with chronic 
blepharitis caused by staphylococcus infection or associated with acne 
rosacea (7). 
The middle watery layer, the aqueous, is 5-9 micrometers thick (3). It 
is secreted by the accessory glands of Kraus and Wolfring and the main 
lacrimal gland. It is composed of 98.2% water and soluble components 
such as inorganic salts, glucose, oxygen and proteins including lactoferrin, 
lysozyme and immunoglobulins. Aqueous deficiency is by far the most 
common tear film abnormality. Patients with a decreased activity of the 
lacrimal glands which results in a diminishment of the aqueous layer 
suffer from keratoconjunctivitis sicca (KCS), a type of dry eye. Clinical 
signs include increased particulate matter in the tear film and a decreased 
tear wedge. 
The majority of the cases of KCS occur without any other concomitant 
systemic disease. The con~ition is thought to be due to an autoimmune 
process in the lacrimal glands causing a lymphocytic cell infiltration of 
the tissue with a corresponding decrease in the aqueous tear production· 
(7). KCS also occurs with higher frequency in patients with systemic 
collagen vascular diseases such as rheumatiod arthritis, Sjogren's 
syndrome, and systemic lupus erythematosus (7). Patients taking 
systemic medications such as antihistamines, anticholinergics, and beta 
I 
blockers also have a higher frequency of KCS than the general population 
(3). 
The innermost mucin layer of the tear film is 0.02-0.06 urn thick and 
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composed of glycoprotein secreted by the goblet cells of the conjunctiva. 
This mucin adheres to the epithelial microvilli to bind it with the aqueous 
layer, thus stabilizing the tear film (2,3). Mucin deficiency can be the 
result of a decreased secretion of the conjunctival goblet cells. Chronic 
inflammatory conditions such as Stevens-Johnson disease and ocular 
pemphigoid (7) as well as acute mechanical processes like alkali or acid 
burns and trachoma can destroy the conjunctival architecture and 
associated goblet cells. Vitamin A deficiences also create a decrease in 
.. 
the number of goblet cells and can result in a subsequent lack of mucin 
production. When the mucin layer is compromised, the result is an unstable 
tear film. This patient will have dry eye complaints and a reduced tear 
break up time (2). 
The tears may also be affected by lid surface abnormalities. When the 
tear film is not reformed periodically, localized drying of any exposed 
corneal or conjunctival area occurs and the patient complains that his/her 
eyes feel dry. Seventh nerve paralysis and/or inflammations of the eyelids 
can interfere with the reformation of the tear film. 
Changes in the surface architecture of the cornea and the conjunctiva 
can also disrupt the establishment of an intact tear film over these 
structures. Corneal scars and ulcerations along with conjunctival growths 
do not provide a smooth surface for tear attachment and can lead to 
localized drying and dry eye complaints (2). 
There is not a single, truly discriminatory diagnostic test for dry eye. 
The diagnosis depends on an accumulation of signs and symptoms derived 
from an in depth case history, a careful slit lamp examination of the 
external eye, and the resul~s of the clinical tests available for dry eye 
I 
diagnosis. Because KCS is the most common type of dry eye, most clinical 
tests have centered around the diagnosis of this condition. A classical test 
used to determine decreased aqueous tear production seen in this 
abnormality is the Schirmer test (5 ,7). Tears are collected on a filter 
paper strip which is folded over the lower lid margin. The amount of strip 
wet with tears is measured and below 5mm. in 5 minutes is indicative of 
decreased tear production (5,7). The Schirmer test measures both the 
quantity of normal tears as well as any reflex tearing caused by irritation 
from the strip. In the sever,e dry eye patient this test is useful; however 
' ·~.: 
in patients suspected of having dry eye, this test gives inconsistent 
results so its value is questionable (2, 7). 
Rose bengal stains devitalized cells and thus is used to assess the 
desiccation of the corneal and conjunctival epithelium. The staining is 
usually in the lower 2/3 of the cornea in addition to the bulbar conjunctiva 
and can be quantified on a scale from 1 to 3. Rose bengal staining is found 
in all cases of KCS and is part of the differential diagnosis for this 
condition. False positives can occur with chronic conjunctivitis, exposure 
keratitis, and foreign bodies' on the conjunctiva (3). 
Tear break up time is used to determine the stability of the tear film. 
Since this measurement depends on the stability of the mucin and aqueous 
interface as well as the quality of the epithelial suface it is difficult to 
determine the exact cause of the problem when this measurement is 
reduced (3). However, low tear break up time is associated with dry eye 
problems (7). To perform this test fluorescein is instilled onto the 
patients bulbar conjunctiva. After a blink has spread out the tear film, 
time is measured until the first dry spot appears on the cornea. Break up 
.,,\ 
time values of less than 1 0 seconds indicate an unstable tear film and are 
highly suggestive of either an aqueous deficiency and/or mucin deficiency 
and/or changes in the epithelial surface (2,7). 
Good correlation between increased tear film osmolarity and KCS has 
been reported and it has been suggested as one of the best tests to 
diagnose this problem (9). In order to measure osmolarity, a small pipette 
is used to collect a tear sample that is placed in an osmometer to measure 
the osmolarity. Although a good diagnostic test, this procedure is not 
easily performed in a clinical setting. 
The dysfunction of the lacrimal gland in patients with KCS causes a 
decrease in the concentration of lysozyme in the tears (1 0). In comparison 
with the Schirmer and rose bengal tests, the lysozyme determinstion has 
been reported to be the most sensitive test for the diagnosis of sicca 
syndrome (10,11). Again, the procedure used for measuring the enzyme 
concentration is not easily performed in the office setting. 
Lactoferrin is another protein found in the tears. There is a strong 
correlation between lysozyme and lactoferrin tear concentrations and both 
decrease in KCS patients (11,6). Difficulties in assaying the tear lysozyme 
concentration in the clinical environment have lead to the development of. 
a radial immunodiffusion assay for lactoferrin that can be used easily in 
the office (the Lactoplate). 
This study was designed to compare the Lactoplate with current 
clinical techniques for the diagnosis of dry eye. Subjects were divided 
into three groups, dry eye, questionable dry eye and control using the 
current clinical techniques for accessing the dry eye: the presence of 
specific symptoms, rose bengal staining and tear break up time. The tear 
lactoferrin concentration using the Lactoplate was also measured on each 
patient and these tear lactoferrin concentrations were compared for the 
three groups. 
·ll 
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Materials and Methods 
Subjects 
Experimental subjects were initially solicited by determining if they 
had been diagnosed as having dry eyes or if they felt that their eyes were 
dry if they felt that their eyes were not dry. Subjects were selected from 
a population of Pacific University optometry students, clinic patients, 
patients of surrounding praqtitioners, and from a military hospital. A 
detailed history was elicited from each subject about their general health 
and any possible systemic diseases they may have. Questioning included 
the use of any ocular or systemic medications that might provoke a dry 
eye. Each subject had visual acuities of at least 20/30. Slit lamp 
examination was used to determine that each subject had normal anterior 
ocular features including lids,conjunctiva, and cornea. Subjects could not 
participate if they wore contact lenses. A subject was placed in the dry 
eye group if he/she had 2 or more symptoms associated with dry eye 
problems (8), a low tear bre.~k up time and/or rose bengal staining. 
Questionably dry eye subjects were placed in that group when they 
reported either signs or symptoms of dry eye but not both simultaneously. 
Control subjects were those with no symptoms, no rose bengal staining 
and a tear break up time of 1 0 seconds or greater. 
Assessment of Symptoms 
Typical dry eye symptoms of soreness, scratchiness, dryness, 
grittiness, burning, foreign body sensation and sensitivity to lights were 
listed. Each subject was asked to rate each symptom on a 0-3 scale with 0 
being a lack of the symptofl, and 3 being the most intensive. The subjects 
•,< 
were questioned about their sensitivity to cigarette smoke, smog, central 
heating and air conditioning. They were asked if they ever experienced 
dryness of the nose, mouth, or throat. All of these subjective symptoms 
are found in patients with dry eyes (8). 
Tear Break Up Time 
The tear film was stained with fluorescein from a sterile fluorescein 
strip wet with sterile unpreserved saline and applied to the upper bulbar 
conjunctiva. The entire cornea was observed with a cobalt blue filter 
through 10-15 magnification. The patient was asked to blink to distribute 
an even tear layer over the cornea and then hold the eye open gazing in a 
! 
straight ahead position. The interval of time between the last complete 
blink and the first randomly placed dry spot on the cornea was measured. 
This measurement was taken 3 times and the average was recorded for 
each eye. Any corneal or conjunctival fluorescein staining was noted. 
Rose Bengal 
Devitalized cells of the cornea and conjunctiva were stained with rose 
bengal by wetting a sterile rose bengal strip with sterile unpreserved 
saline and applying it to the upper bulbar conjunctiva. Since staining is 
primarily in the interpalpeb~al area, three locations were assessed. These 
1." 
areas were the medial conjunctiva, lateral conjunctiva and cornea. A 
scale of 0 to 3 with 3 being severe was used to evaluate the staining in 
each area. 
Tear Lactoferrin Concentration 
To determine the tear lactoferrin concentration using the Lactoplate 
immunoassay test, a sterile filter paper disc was inserted with a sterile 
blunt forceps into the lower cul-de-sac of each eye. The disc was allowed 
to wet for 5 minutes. It was then removed and the excess tears were 
gently blotted on the appropriate surface of the Lactoplate box. The disc 
was then transferred to the center of the gel chamber. The procedure was 
repeated for the other eye. The chamber's cover was shut and the chamber 
was stored at room temperature for 3 days after which the diameter of 
the antigen/antibody ring was measured. This measurement was used to 
determine the lactoferrin concentration in mg/ml tears by using a table 
that comes with the Lactoplate kit. The table used and the filter paper 
discs used are specific for each lot of Lactoplates produced. The 
manufacturer stated that the normal tear lactoferrin value is 1.42mg/ml 
with a standard deviation of 0.49 (12). Based upon this information a 
t' 
lactoferrin concentration of 0.9mg/ml or below was chosen as a positive 
dry eye value. This positive result presumably indicates decreased 
lacrimal gland function i.e. decreased aqueous production. 
RESULTS 
Patients were divided into three groups. The control group consisted of 
9 subjects with no dry eye symptoms or clinical dry eye signs (Table 1). 
The questionably dry eye group contained 4 patients who exhibited either 
dry eye symptoms (dryness, grittiness or burning) or one dry eye sign (low 
tear break up time). The dry eye group consisted of 17 patients each of 
whom had two or more symptoms and one sign of dry eye (rose bengal 
staining or tear break up time lower than 1 0 seconds). The most 
significant questions that indicC[lted dry eye were subjective scratchiness, 
grittiness, dryness and burning. Foreign body sensation and sensitivity to 
lights were reported less often. All had low tear break up time and two 
had rose bengal staining. Subjects ranged in age from 22 years to 85 years. 
Each group was further catagorized by age of the subjects: < 25 years, 
25-40 years and >40 years. Most subjects were between the age of 25-40 
years. 
The average lactoferrin concentration for the control group was 2.0 
mg/ml with a standard deviation of 0.63 and values ranging from 1.0 
mg/ml to 2.6 mg/ml (Table 2, Figure 1 ). The questionably dry eye group 
had a mean concentration of 2.29 mg/ml with a standard deviation of 0.52 
and a range of 1. 7 mg/ml to 2.6 mg/ml. The dry eye group averaged with a 
concentration of 1.93 mg/ml with a standard deviation of 0.60 and a range 
of 0.81 mg/ml to 2.8 mg/ml. A comparison of the means shows no 
significant difference in the lactoferrin concentrations of the subjects in 
the three groups (results of a one tailed unpaired t-test, p<0.05). Only two 
of the subjects classified as having dry eye by clinical methods actually 
showed a lactoferrin concentration of less than 0.9 mg/ml. These two 
subjects also showed rose bengal staining, one had low tear break up time 
and both rated their symptoms as severe. 
In this experiment, the Lactoplate test had a very low sensitivity of 
11.76% and a specificity of 1 00%. Sensitivity is the accuracy of the 
Lactoplate to correctly identify all individuals who have dry eyes. 
Specificity is the accuracy of the Lactoplate to identify individuals who 
do not have dry eye. 
DISCUSSION 
The results of the Lactoplate test showed no significant differences in lactoferrin 
concentrations between the three groups (Table 2). However, using a cut off of 
0.9mg/ml of lactoferrin, two of the dry eye patients demonstrated a significant reduction 
in tear lactoferrin levels (Table 1 ). These two subjects each experienced symptoms of 
soreness, scratchiness, dryness and grittiness, but the symptoms were no more severe 
than the other dry eye subjects who had normallactoferrin concentrations. One 
subject with a low lactoferrin concentration had a tear break up time lower than 1 0 
seconds while the other had a normal tear break up time. They both had rose bengal 
punctate staining along with three other dry eye subjects who again had normal 
lactoferrin concentration. 
These results suggest that not all patients with dry eye complaints who are 
diagnosed as having a dry eye using the usual clinical procedures will show 
decreased lactoferrin concentrations as measured using the Lactoplate. Since most of 
the dry eye subjects were younger than the "typical" KCS patient, it is unknown 
whether these subjects had very early KCS. An early KCS patient may not have 
symptoms, but not as yet, a decrease in aqueous production as evidenced by 
decreased tear lactoferrin co.ncentrations. Alternatively, two populations of dry eye 
patients may exist: patients with aqueous deficiency and those with another etiology 
for their dry eye, perhaps mucin layer abnomality. 
CONCLUSION 
The Lactoplate alone, then, is not a good aid for the diagnosis of dry eye in our 
population of subjects. Dry eye can be caused by a variety of tear film and adnexa 
abnormalities. The Lactoplate tests for only one of these abnormalities, that of aqueous 
deficiency. Mucin and perhaps early lacrimal gland changes cannot be demonstrated 
by lactoferrin concentration. Our results indicate that most of our dry eye subjects were 
not aqueous deficient but had another cause for their dry eye. Therefore, the 
Lactoplaate is a good screening test when used with other clinical procedures. 
lkl& T cUI Numbei 
IDrt Ew. <25 vra 3 
25-40 1( 
>~ 4 
r" <25 111"5 2 
''5-4tt 1 
>40 1 
Control <25 vra 1 
125-40 7 
>40 1 
TABLE 1 : Total number of subjects responding positively 
to symptoms and clinical signs of dry eye. 
Previoua D1 Sex Sore Scratchv Drv Grit Burn FcnbnBcdy Sens.iiNe l1i I Dry I'IIOUh .a S.nali.oe tllllOk.ti 
1 1 F 2t.l 3 2 2 1 3 1 3 1 1 
4 4F 6M 5 7 g g 8 3 5 3 7 
3 4F 0 1 3 2 3 1 1 3 1 
2 2f 0 0 1 , 1 0 0 1 1 
0 1M 0 0 0 0 0 0 0 0 1 
0 1f 0 0 0 1 0 0 0 0 1 
0 1f 0 0 0 0 0 0 0 0 0 
0 2F St.& 0 0 , 1 1 0 2 1 3 
0 1F 0 1 1 0 0 1 0 1 0 
Ac.e&rr.a! TBUT <1 Cii8C Laaoolale.:.O.~/ml 
1 3 0 
2 8 1 
2 4 1 
0 1 0 
0 1 0 
0 1 0 
0 0 0 
0 0 0 
0 0 0 
Control 
TABLE 2 : Comparison of the mean lactoferrin concentration 
between the three groups. 
Mean Standard deviation Acroe 
2.0 mo/ml 0.63 1.0 mgLml - 2.6 m_g/ml 
Questionable 2.29 mo/ml 0.52 1.7 molml ·• 2.6 ma/ml 
Dry eye 1.93 mg/ml 0.6 0.81 mg/ml - 2.8 mg/ml 
§ 
8 
TABLE 3 : Histogram showing the Lactoplate@ results 
for each of tha three groups. · 
Hiatogram of X1 : DRY EY£ 
•• . 1.2 1.4 1.1 1.8 2 2.2 2.4 2.6 2.8 3 
ORYE'YE 
Hl5togram of X2: QUESTIONABLE 
1.115 1.11 1.115 2 2.05 2.1 2.15 2.2 2.25 2.3 2.35 2.4 2.45 2.5 2.55 2.6 
Ql.ESn::.NABL£ 
Hllilogram of X3: CONTROL 
1.2 1.4 1.1 1.8 2 2.4 
CXl(lfQ. 
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